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AN ENZYME EXHIBITING PECTIN METHYLtSTrJ*" ACi WIT- 



FIELD OF INVENTION 

5 The present invention relates to an enzyme with pectin 
methylesterase (PME) activity, a DNA construct encoding the 
enzyme, a method of producing the enzyme, an enzyme preparation 

• containing the enzyme and various uses of the enzyme. 

10 

. BACKGROUND OF THE INVENTION 

Pectin polymers ' are important constituents of plant primary 
15 cell walls. They are mainly composed of chains of 1,4-lmked «- 
■ D-galacturonic acid and methylated as well as acetylated 
' -derivatives thereof. The use of pectin-degrading enzymes is 
important' in the food industry) primarily f o* fruit and 
. ' vegetable processing such as fruit juice production or wine 
20 mafcTngrwh^^ thS de ^adation ° f * 

•backbone of the pectin polymer is utilised. 

An assortment of different pectin degrading enzymes is known to 
be present in various microorganisms such as Aspergillus niger 

25 Of these,' pectin methylesterase catalyses the removal of 
methanol from pectin, resulting in the formation of pectic acid 
.(polygalacturonic acid) . Pectate lyase cleaves glycoside bonds 
in polygalacturonic acid by ^-elimination, pectin lyase cleaves 
the glycosidic bonds of highly methylated pectins by 0- 

30 elimination, and polygalacturonase hydrolyses the glycosidic 
linkages in the polygalacturonic acid chain. 

The nucleotide and derived amino acid sequence of an A. niger 
pectin esterase cDNA sequence is disclosed by Khanh et al - 
,s (1990) FP 383 593 discloses the recombinant production of. an 
A n<ger pectin esterase in A. a^aioori or A. niger. Khanh et 
al (1992") disclose the effect, on enzyme yield, of using 

i-, rho expression of an A ■ niger pectin 
various promoters m tne express-on 

methyl esterase in A. niger. 
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MarXovic an, »mv.ll (1992, -ve analyzed ^ « o- ' 

a tcato pectin esterase and surest the nu.ber 

disulphide bridges in other Knpwn and distantly related pec.xn 

esterases from A. niger . Ervinla cnrysantnemi and Pseuoononas 

s solanaceam*. Furthermore, various amino acid residues 

a >,o*-uppn the va^ous enzymes are identiriea and a 
conserved beuween «.ne vc-_^>- 

, -r-two site of the enzymes is 

possible location of tne acuiv. 

suggested. 

>o van Rijssel et .1. (»«, disease a protein complex isolated 
£ro » Clostridia thermosaccharolyticu, which has pectin 
methylesterase activity. WO 93/132 12 discloses a tomato pectin 

esterase cDNA sequence. 

„ „0 S3/096S3 discloses the use o£ a purified niger pectin 
esterase in the production of Juice fro. fruits and vegetables. 

SUMMARY OF THE INVENTION 

2 0 It 1. — n-objoet of the present invention to prepare a single- 
component pectin methylesterase (PME)- 

^ • „ rD i a f PS to an enzyme 
Accordingly, the present invention relates 

exhibiting PME activity, which enzyme 

" a, is immunologically reactive with an antibody raised against 
a purified P«Z derived fro. Aspergillus Meatus, CBS 10L43, 

and/or 

30 b) is encoded by the coding part of the DNA sequence shown in 
SEQ ID No. 1 or a sequence homologous thereto encoding an 
enzyme exhibiting PME activity, and/or 

c, has the amino acid sequence shown in SEQ ID No. or is at 
35 least -80% homologous with said sequence. 

the term "derived from" as used in 
In the present context, the "cerm 

■' ^ ic intended not only to indicate a 
connection with property a) is intended n y 

rRq ini 43 but also a PME encoded by a 
PME produced by strain CBS iui.<*-s, 
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• „ r -,c tot 43 and produced in a 
DW seauence isolated from strain CBS 10.. 

• nost organism transformed with said DNA sequence. 

I„ . further asoect, the invention relates to . an enzyme 
s exhilittn, PME activity, which enzyme is .needed by a DNA 
sequence comprising the following partial sequence 

*~*n* r&T&TCAATC GCAAAAATGG TTAAATCAGT 
TAAAGAGTCG ATCATACACT ACTGGCTGCC AGCCGTACCA " 

TrrcTTCC GCTCTCTTCG CCGCGTCCfat 

Zl CGGCGCGATC GTCGTCGCCA AGTCTGGTGG TGACTATACC 
10 CGGCTCCCTC CGGCGCGATC Gl rcAGCACCA CCGACACCCA 

ACTATTGGTG ATGCCATTGA ^^^^^ TGCTATGACC 
■ AACCATTTTC ATCGAGGAG GGTACCTAC GATGAGCAGG iCTACCTGC 
GGCAAGGTCA TCATCTACGT CAAACCGAGA ACACCGACTC CTACG 

15 or a sequence homologous thereto encoding a polypeptide with 
PME activity- 

\ r-nn-ext the term "homologous" is intended to 
in the present context th ^ ^ 

indicate a DNA which hybrxdxzes C oh d xtx & n S - 
20 coding for the PME «^^«J^^ iElng f or X h at 
, SU ch as P resoa*xng ^ /^/^/^^ solutio n, 50 *H 
_ 40 -C in a soluuono 5**C SxD 

sodium phosphate, P H 6 . 8 , and M3 solut ion 
thymus. DNA, followed by hybrxdxzatxon xn the same s 

, . , i c n uci 3 2-P-dCTP labelled probe for 18 h at 
25 supplemented wxth 50 ^Ci 32 P a ^ 
in . c followed by washing three times xn 2xSSC, 
-40 C followed cy _^ ca iiv the term is intended 

40 °C for 30 minutes). More specxf xcally , tne . ou _ to 

i_ at least 80% homologous to 
to refer to a DNA sequence whxch xs 1 

c-cn m No i such as au xeasu 
the sequence shown xn Sr.Q ID No. -, s ence .- 

> i 9SS t 90% or. 95% homologous to thxs seq 
30 P" fe " bl ^. at . le t ^°; o include Edifications of the DNA 
. The term is substitutions which do not give 

sequences, such as nuc.eotx the ■ PME but which 

rise to another amino acid sequence of the 

correspond to the codon usage of the ^J^Z^^ 
35 the DNA construct * I acid -sequence and 

which do give rise to a ^ - n ^ ^ 

therefore, possxbly, a '^ nt DroDe rties than the 

' ive rise to a PME mutant wxth dxfre.en. p- , 
gxve rxse nossible modifications are 

native enzyme. Other examples o. possible, m 
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insertion of one or more nuclides into the ^n=e 
Edition of one or .ore nucieotides .t either ena the 
sequence.' or deletion of one or more nucleotides at ex.ner end 
or within the sequence. 

. S OTe t-m ..homologous" as used in connection with a polypeptide 
or protein is intended to indicate the decree of identity with 
the" amino acid sequence shown in SEQ ID No. , vhieh may be 
determined by methods Known in the art. rurthermor , the 

is cre^ereably one which is encoaed by 

10 homologous polypeptiae is pre.erea y 

an analogue (as defined above) of the DNA sequence shown m SEQ 

ID No. -1- 

elates to an enzyme exhibiting PME 
Furthermore, the invention relates to. nnmrsris inq 
„ activity, which enzyme' is encoded by a DNA sequence comprising 
at least one of the following partial sequences 

(a) TAAAGAGTCG ATCATACACT 

(b) CATATCAATC GCAAAAATGG 

20 (c) TTAAATCAGT CTTGGCTTCC 

(d) GCTCTCTTCG CCGCGTCCGC 

(e) ACTGGCTGCC AGCCGTACCA 

(f) CGGCTCCCTC CGGCGCGATC 

(g) GTCGTCGCCA AGTCTGGTGG 
25 (h) TGACTATACC ACTATTGGTG 

(i) ATGCCATTGA TGCTCTGAGC 
(j) ACCAGCACCA CCGACACCCA 
(k) AACCATTTTC ATCGAGGAG 
(1) GGTACCTAC GATGAGCAGG 
30 (m) TCTACCTGCC TGCTATGACC 
(n) GGCAAGGTCA TCATCTACGT 
(o) CAAACCGAGA ACACCGACTC CTACG 



, in . roiates'to a DNA construe^ 
in a further aspect the invention relays 

in a ru-tn f . enzyme exhibiting pectin 

35 comprising a DNA sequence encoding an enzy ro the 

methyl esterase activity, which DNA sequence comprises .he 
c in part of the DNA sequence shown in SEQ ID No. x or any o 
The pLtial DNA sequence shown above, or i, an analogue or said 
sequence, which 
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i) hybridizes with an oligonucleotide probe prepared on the 
bas«s of anv of the partial DMA sequences shown above, of the 
DNA sequence shown in SEQ ID No. 1. or of the amino acxd 
sequence shown in SEQ ID No. 2, 

Si) encodes an enzyme comprising an amino acid sequence being 
at least 80% homologous with the amino acid sequence shown in 

, -t o ^ 90% 95% homologous with 

SEQ ID No. 2 such as at leasu 8d«, yuo u. 

said sequence, and/or 
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iii) encodes an enzyme which is immunologically cross-reactive 
with the polypeptide comprising the amino acid sequence shown 
in SEQ ID No. 2. 



DETAILED DESCRIPTION OF THE INVENTION 

The enzyme of the invention may be isolated by a general method 
involving 



- cloning, in suitable vectors, a DNA library from 
Aspergillus aculeatus , 

- transforming suitable yeast host cells with said vectors, 

- culturing the host cells under suitable conditions to 
2S express any enzyme of interest encoded by a clone in the 

DNA library, and 

screening • for positive clones by determining any PME 
activity of the enzyme produced by such clones. 

30 A more detailed description of this screening method is given 
in Example 1 below. 

T h e DNA sequence coding for the enzyme may for instance be 
isolated by screening a cDNA library. of Aspergillus aculeatus, 
35 I g sr^ain CBS 101.43, publicly available from the 
crt-aalbur.au voor Schimmelcultures , Delft, NL, and selecting 
for clones expressing the appropriate enzyme activity (i.e. PME 
activstv as defined by the ability of the enzyme to hydrolyse 
methylester bonds in pectin) . The appropriate DNA sequence may 
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then be isolated from the clone by standard procedures, e.g. as 
described "in Example 1. It is expected that DMA encoding a 
homolooous enzyme Bay be isolated by similarly screening a cDNA 
library of another microorganism, in particular a fungus, such 
5 as a strain of an Aspergillus sp., in particular a strain or A. 
aculeatus, A ■ oryzae or A. niger . a strain of a Trichoderna 
s P in particular a strain of T. harzianum or T. reesie, a 
strain of a Fusariu*. so., in particular a strain of F ■ 

* ^rain of a Humicola sp. or a strain of a 
oxysporum , a strain ui a. ^ 

10 Geotricum sp. 

Alternatively, the DNA coding -for a PME of the invention Bay,- 
in accordance with well-known procedures, conveniently be 
isolated from DNA from any of the above mentioned organisms by 
15 use of synthetic oligonucleotide probes, prepared on the basis 
of a DNA sequence disclosed herein. For instance/ a suitable 
oligonucleotide probe may be prepared on the basis of any of 
the partial nucleotide sequences (a)-(o) listed above. 

20 The DNA sequence may subsequently be inserted into a recombi- 
nant expression vector. This may be any vector which may 
' conveniently be subjected to recombinant DNA procedures, and 
the choice of vector will often depend on the host cell into 
which it- is to be introduced. Thus, the vector .may be an. 

2S autonomously replicating vector, i.e. a vector which exists as 
an extrachromosomal entity, the' .replication of which is in- 
dependent of chromosomal replication, e.g. a plasmid. Alter- 
natively, the vector rcay be one which, when introduced .into a 
host cell, is integrated into the host cell genome 

30 plicated together with the chromosome (s) into which it has been 
integrated. 

in the vector, the DNA sequence encoding the PME should be 

operably. connected to a suitable, promoter and terminator 

35 seauence. The promoter may be any DNA sequence which shows 

transcriptional activity in the host cell of choice and may be 

derived from genes encoding proteins either homologous or 

*-« *v.o host ceil- The procedures used to ligate 
heterologous to the nosi: ce-x- . 

, f nr the C ME , the promoter and the 

the DNA sequences coding for z.ne .u-, 
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terminator, respectively, and to insert the, into suitable 
vectors are well known to persons skilled in the art _(«.. .o. 

•• . c am K.o 0 k et aT , MoTpr-nl^r C '-r<™ * Laboratory 
instance, SambrooK eu <z--, si 

Manual , Cold Spring Harbor, NY, 1989). 

T he host cell which is transformed with the DNA sequence en- 
ding the enzyme of the invention is preferably a eukaryotic 
ceU < n particular a fungal cell such as a yeast or filamen- 
tous' fungal cell, in particular, ' the cell may belong to a 
species of Aspergillus, most preferably Aspergillus oryzae or 
Aspergillus niger. Fungal cells may be transformed by a process 
involving protoplast formation and transformation o. the 
protoolasts followed by regeneration of the cell - wall m . 

^ ee The use of Aspergillus oryzae as a host 
manner known per se. The use oi ^ f * • 

„ microorganism is described in EP 2 3B 0 2 3 (of Novo Industry 
A/S) . the contents.,of which are hereby incorporated by ref 
ereLe. The host cell may also be a yeast cell, a strain_ 

of S accharo.,c eS , in particular saccharomyces cerevisiae. 

„ in a still" further as-pict," the preseWT-fi^tr*n--felates to a 
method of product an enzyme according to the invention, 
wherein a suitable host cell transformed with a ™, seance 
encoding the enzyme is cultured under conditions permit, the 
production of the enzyme, and the resulting enzyme' is recovered 

25 from the culture. 

The medium used to culture the transformed host cells may be 
any conventional medium suitable for growing the host cell in 
ouestion. The expressed PME may conveniently be secreted into 
30 ^he culture medium and may be recovered therefrom by well-Known 
procedures including separating the cells tm the medium by 
p . . protemaceous com- 

centrifugation or filtration, precipitating pro 

pints of the medium by means of a salt s.ch as ammon.um 
sulohate, followed by chromatographic procedures sue. , , „„ 
3S exchange chromatography, affinity chromatography, or -he liXe. 

The thus purified PME may be employed for immunization of 

me uiub v bodies More soecif ically , 

animals for the production of anybodies 

antiserum against the PME of the invention may be raised by 
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■ • a v,h^ s for- other rodents) according to the 

immunizing rabbit (o- otn , Manual of 

P-edure described by N. Axeisen ^ ^ " Scientific 

2uanUtative_UM^^ , R Thorpe 

u . ■ w <„ -ac^ce Blackwell Scientific Publications, 
19 B2 (.ore specially pp. 27-3!,. Purified immunoglobulins 
My be obtained fro. the antisera, for example by sal. 
lecipitation ( SO., , followed by dialysis and ion exchange 

DEAE-Sephadex. Immunochemical 
chromatography, e.g. - outcherlony 

xo characterization of proteins may be don y Handbook of 

double-diffusion ; ana ly sis ^ * scientific 

1^*^— W "-' 65 E :::; 6) , by. crossed 

. Publications. 1»*7 J ch!pters , and 

Immunoelectrophoresis (N. Axeisen ei s 

„ «T or by rocKef Immunoelectrophoresis (H. Axeisen et a^, 

Chapter 2 , ) . 

*h P present invention relates to an 
■ In a still further aspec. .he Qf =ell 

enzyme preparation useful fo the 9 ^ 
fo-wall-comwhent-s— said-T>reparation being enri 

.exhibiting PME activity as described above. 

r-h*=ri with an enzyme of 
Th e ^ tn^yT Ration comprising 

' „ r^—^c -'activities. in pa rticular an enzyme 
oration P^ ^ SP^ovo -dis* 

^r^nTe e t "context, the term "enriched" is intended 
t ndicate that the PME activity of the enzyme ^ 

ac .d ea with an enrichment factor of a. least l.i, 
30 rrenrle 'to addition of an enzyme of the invention 
prepared by. the method described above. 

Anr i r hpd in an enzyme 
^.ernativelv, the enzyme preparation enriched 

bi^n* ^ ac^vitv mav be one which comprises an enzyme of 

" £Xn ti on\s the major enzymatic component, e.g. a mono- 

the invention as une maj^j. j 

component enzyme ' preparation . 
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The enzyme preparation may be prepared in accordance with 
methods known in the art and may be in the form of a liquid or 
a dry preparation. For instance, the enzyme preparation may be 
in the form of a granulate or a microgranulate . The enzyme to 
5 be included in the preparation may be stabilized in accordance 
with methods known in the art. 

Based on its great activity on pectin containing material, 
typically of plant cell wall origin, a preferred use of the 
10 enzyme preparation according to the invention, is as an agent 
for degradation or modification of plant cell wall material or 
other pectin containing material. 

The enzyme of the invention may advantageously be used together 
15 with other enzymes, especially other pectin degrading enzymes 
when the enzyme is to be used in the processing of fruits, 
vegetables and other plant materials. Accordingly, the enzyme 
preparation of the invention may in addition to the PME 
comprise one or more other plant cell wall degrading enzymes 
20. such as a polygalacturonase, pectin lyase, pectate lyase, 
arabinanase, xylanase, glucanase, galactanase, mannanase, 
rhamnogalacturona.se, rhamnogalacturonan acetyl esterase or 
pectin acetylesterase. The preparation may further contain one 
or more enzymes exhibiting exo-activity on the same substrates 
25 as the above-mentioned endo-enzymes . In particular, the enzyme 
may be. used ..in. combination with polygalacturonase, pectate 
lyase or pectin lyase in pectin degradation. 

Examples are given below of preferred uses of an enzyme 
30 preparation of the invention comprising an enzyme exhibiting 
pectin methyl esterase activity, optionally in combination with 
one or more other enzymes. The dosage of the enzyme preparation 
of the invention and other conditions under which the 
preparation is used may be determined on the- basis of methods 
35 known in the art. 

The enzyme preparation may advantageously be used for the 
treatment of pectin containing plant material, e.g. of 
vegetable or fruit origin, such as material obtained from soy 
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ns, sugar beers or apples, so as to reduce the viscosity and 
thus improve the processing or appearance of the plant material 
in question. The viscosity reduction may be obtained by 
treating the pectin-containing plant material with an enzyme 
-5 preparation of the invention under suitable conditions for full 
or partial degradation of the pectin-containing material- . 

' The enzyme preparation may be used for de-pectinization and 
viscosity reduction in vegetable or fruit juice, especially in 
10 apple or pear juice. 

The enzyme preparation may be used in the treatment of mash 
from fruits and vegetables, for instance in the mash treatment 
of apples and pears for juice production, and in the mash 
15 treatment of grapes for wine production. 

The enzyme preparation may be used in the production of 
citrus' juice, e.g. for partial or complete degradation of the 
pulp present in the juice after pressing. 



20 



For the above uses it is preferred that the enzyme preparation 
in addition to PME comprises a polygalacturonase containing 
enzyme preparation. 

25 By use of an enzyme preparation of the invention it is 
possible to regulate the consistency and appearance of 
processed fruit: or vegetables. Thus, the consistency and 
appearance have been found to be a product of the actual 
combination of enzymes used for the processing, i.e. the nature 

30 of the enzymes (especially pectin degrading enzyme(s)) with 
which the pectin methyl esterase of the invention is combined. 

Examples of products with specific properties which may be 
produced by use of an enzyme preparation of the invention 
35 include clear juice from apples, pears or berries, cloud _ 
stable juice from apples, pears, berries, citrus, or tomatoes, 
and purees from carrots and tomatoes. 

From the foregoing disclosure it will be apparent that the 
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PME of the invention may be produced as a. single component 
essentially - free from other enzyme activities such as 
polygalacturonase and/or pectin lyase activity normally found 

■ to ' be present in commercially available pectinesterase 

5 containing pectinolytic preparations. 

On this basis the use of the PME of the invention is especially 
advantageous for purposes in which the action of such other 
enzyme activities are undesirable. 

10 

Examples of such purposes include the use af the pectin 

methylesterase for full or partial demethylation of 

pectin in processed or non-processed fruits and vegetables. 

15 The partial demethylation is, e.g., important when an improved 
. firmness of fruits or vegetables is desirable. Thus, firmness 
is often reduced during processing (e.g. canning and 
pasteurization) . By use of a controlled amount of a PME of the 
invention a partial demethylation of pectin present in the 

20 surfac e of fruits a nd ^vegetables may be obtained and the 
resulting partially demethylated pectin may crosslink with, 
e.g., divalent ions such, as calcium, whereby a more firm 
surface of the fruits or vegetables may be formed. Accordingly, 
the PME of the invention may be used for improving. the firmness 

25 of, e.g., beans, peas and sliced fruits such as pears and 
apples. 

Another example of the purposes is demethylation of pectin, 
e.g. from citrus, apple, sunflower and/or sugar beet. The PME 

30 can be used to produce low methylated pectin (defined as 
• pectins where under 50% of the galacturonic acids are 
methylated) from high methylated pectin (defined as pectin 
where over 50% of the galacturoric acids are . methylated) . 
Conventionally, such demethylation has been carried out by 

35 alkaline or acid demethylation which has the drawback, among 
others, that the demethylation needs to be carefully controlled 
in order to avoid depolymerization of the pectin backbone and 
thereby a severe reduction of' the functional properties of the 
demethylated pectin. 
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Q - a pmp the invention the above described 

By use o, a de -,ethylation is performed 

deoolymerization is avoiaed and .he aene-ny , pmne „ tu . e 

• ^ , • - vpaconab^e temperature 
under milder conditions ana within a .easonao- 

(15-50-C) and time level (10 min.- 2 hours). 

5 rurthermore, the pectin esterase can be used to obtain " in 
situ viscosity increase or gel formation m various vegetable 
o. fruit based products, when added together (simultaneously or 
^-simultaneously) with medium or high methylated pectin^ Tne 

,o resulting low methylated pectin will, in the presence o. e^g 

• fn ™ ? more viscous liquid or a -gel. 

divalent, ions, form a more 

Alternatively, the natural content of pec.in may be 
deXlated'by use of the enzyme, whereby the addition o. 
pectin may be reduced or even avoided. 

15 . o= ir is oossible to avoid or reduce the 

By use of this process it is possiox 

• ^ v. ,^ orf This is advantageous m that the 
amount of pectin to be added. This * 

Edition of e.g., low-methylated pectin may give rise to 
e t dur ing Ixing which again may result in an incomplete 
.-.o-Il"ng- being obtained. Purthermore , low-methylated pectin may 



be difficult to dissolve in water. 

The use of PME for viscosity increase.. . or gel formation 
The use o addi t^on of other stabilizing or 

eliminates or reduces the addition 

• fce in ea jam and ketchup. Thus, tne 

content of me^al ions., 

viscosity increase or gelformation to take place. 

PMEU per g ~The PME activity ««, 
L defined in the Aerials ana Methods sect.on ..low. 

" T he pME of th. invention can aione or together with other 
TzyL be used to improve" the digestibility of pectin 
containing ani»al feed, e.g. feed prepared fro, soya beans. 
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For fn-is ouroose, an enzyme 
sugar beets or rape seeds- ro. u..-s . - 

pr.par.tion of the invention is added to the feed. 

The pectin esterase activity can together with other enzy.es 
5 be U L to produce monogalacturonic acid or galacturonic c 
containing oligosaccharides fro, pectin-containing »^ 1 
SU ch as sugar beet pulp in accordance with ^ ^ 

Monogalacturonic acid may be used for production of 

. r *»*-<-v acid and fattv alcohol esters 
acid or for production of fat^y ac.a an 

, H.ronir acid Galacturonic containing 
, ,__ .(-hart; of aalacturonic acia. 
10 and/or etners or ga . af3H i-ives for human food or 

oligosaccharides may be used as additives 

animal feed. 

' K urther B ore. the «B can in co-.in.tion with other en Zy .es be 
„ used for the removal of pectic substances fro, plant frbres 
which r»ov al is essential, in the .production of m U 

Lres or other celluiosic materials. Tor ^ 
fibre material is treated with a suitabXe amount of the PHE of 
th e invention under suitabie conditions for obtain, ull - 
„ partial degradation of pectic substances-assocra.ed.-wr.h-.he_ 
plant fibre material. 

The invention is further described in the accompanying drawing 

in which 

25 Fig. 1 is a restriction map of plasmid P YHD17, 

' Fig. 2 a' restriction map of plasmid pHD 414, 
30 Fig. 3 a pH optimum curve, 

Fig. 4 a temperature optimum curve, 

Fig- 5a P H stability curve, 

Fig- 6 a temperature stability, curve 



Fig. 7 the [S]/V versus [S] curv 
determination. 



and 

e used for Km and spec, act 
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Th . invention is described in further det.il in the following 
examples which are not in any way intended to U-xt t». .cop. 

of the invention as claimed. 



5 

EXAMPLES 

Materials and Methods 

cua wp* isolated from Aspergillus acuieatus, 
io Donor organism: mRNA was isoia^a j. . 

s„ a .ov-containing fermentation medium with 
rR c -iQi 43 qrown m a soy cont-d-ii-^y 

it t on « „.ur...-«i.i«t aeration. Mycelia were ^harvested 

• j ■ f-mzen in liquid nitrogen 

after 3-5 days' growth, immediately frozen m n 4 

and stored at.-80°C. 

Yeast strains:: The Sscc.zro.yces ™ Si ^ ™ a 7^ 
yNG231 (MAT alpha, l.u2 f ura3-52, his4-539, pe P 4-delta 1 cirO 
or JG169 (MATc; ura 3-52; leu 2-3, 112; his 3-D200; pep 4-113, 
pr.cl::HIS3; prbl: : LEU 2 ; cir+) . 
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Construction of a= egression plasmid: The cohere a y 
available plasmid P*SS II (Invitrogen, -as cut with Soe , 
filled in with Klenow DNA polymerase + dNTP and cu. with dal 
HI DNA was size fractionated on an agarose gel, and a fragment 
a rit ,000 bp was-.purified by electrocution. The sam 
plasmid was cut with Clal/PvuII. and a fragment of abou 3« 
bp was purified by electroelution. The two fragments were 
Seated to a blunt-ended Sphl/EcoRI fragment containing the 
y I t TPI orcoter. This fragment was isolated from a plasmid 
3„ which the TPI promoter from ^ T * 

0. Kawasaki, J^o! ■ ^ 1, »• ™ 

slightly modified: an internal sphl site was ™< ^ 
deleting the four bp constituting the core, of this site, 
thermore, redundant seguences upstream of the ^promo er wer 
35 removed bv Bal! exonuclease treatment followed by addition, or 
Tsphl linger. Finally, an EcoRI linger was added at position - 
10 After these modifications, the promoter is included in a 
Ohx-BCORI fragment. Its effeciency compared to the original 
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ho „ na ffect°d bv the modifications. The 
promoter appears to be unanec>..a 

resulting plasmid pYHDl? is shown in Fig. 1. 

- T,Kase-free glassware, tips and solutions: All 
■d -reparation of RNase ires s 1 " ' ^ 

^ in ijMa Eolations was baked at + 220 °C .or a. 
5 qlassware used m RNA lso.au.uns 

w on , nr ^ tubes D^et tiDS and plastic columns 

least 12 h. Eppendor. uines, p-P - 

were treated in 0.1 % diethylpyrocarbonate (DEPC) m E.OH for 
12 h and autoclaved. All buffers and water (except Tris- 
conta'ining buffers) were treated with 0.1% DEPC for 12 h at 37 
10 °C, and autoclaved. 

Extraction of total . *»= *>• total RNA was prepared by 
extraction with guanidinium thiocyanate follow- by 
ul.racentrifugation through a 5.7 M CsCl cushion 
,5 al 1579, usin 9 the following edifications. The fro en 
15 ai., ' . f , D owder with a mortar 

mycelia were ground in liquid N, ^o fine p 

and a pestle, follow- by grinding in a precooled coffee mil . 
and Mediately suspended in S vols of ».» extraction buffer 4 
•' M GuSCN 0.5 % Na-laurylsarcosine, 25 mM Na-=itrate, pH 7.0, 
. M Lercaptoethanol, . The mixture was stirred for 30 m- 
at »• and centrifuged (30 .in..- 5000 rpm, ' Heraeus 
Megafuge 1 . 0 R, to pelXef the cell debris. The supernatant was 
collected, carefully layered onto a 5.7 M CsClcushion 5^7 M 

„ - n i 5- hfpc- autoclaved prior to use) 
CsCl, 0.1 M EDTA , pH 7.=, 0.1 4 DEPC, auto 

25 using 26.5 ml supernatant per 12.0 ml CsCl cushion, and 
centrifuged to obtain the total RHA (BecKman. sw 
000 rpm, RT° , 24h). After centrif ugation the -P™ ^ was 
carefully removed and the bottom of the tube «»mm^. *** 

, ■ j--u -7 n FtoH The total kjna 
oellet was cut off and rinsed with 70 < E.OH. T 

30 pellet was transferred into an Eppendorf tube, suspended in 5.0 
*! TE, PH 7.6 (if difficult, heat occasionally for 5 mm at 65 
'« Phenol extracted and precipitated with ethanol for « h at 
. 0 -C ,2.5 vols EtOH, 0.1 vol » »aAC, pH 5.2,. The RKA was 

colle cted by centrif ugation, washed in ' 70 % EtOH, and 

collected oy DE oC-DIW. The RNA 

,5 resuspended in a minimum volume or 

concentration was determined by measuring OD m . 

Xsolation of poly(A)n«X: The poly(A)^RNAs were isolated by 
oligo(dT) -cellulose affinity chromatography (Aviv * Leder, 
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_ „ £ .n-./jipi "e'i i u 1 ose ( Boehringer 
1972). Tyoicallv, 0.2 g of oligo(dT) -e--u_«=> \ 

Mannheim) was preswollen in 10 ml of 1 x column loading buffer 
(20 m Tris-Cl, P H 7.6, 0.5 M NaCl, 1 mM EDTA, 0.1 % SDS), 
loaded onto a DEPC-treated, plugged plastic column (Poly Prep 
5 Chromatography Column, Bio Rad) , and equilibrated with 20 ml 1 

■ x loadina buffer. The total RNA was heated at 65 C for 8 mm., 
quenched' on ice for 5 min, and after addition of 1 vol 2 x 
column loading buffer to the RNA sample loaded onto the 
column. The eluate was collected and reloaded 2-3. times by 

10 heating the sample as above and quenching on ice prior to each 
loading. The. oligo(dT) column was washed with 10 vols of 1 x 
loading buffer, then with 3 vols of medium salt buffer (20 mM 
Tris-Cl P H 7.6, 0.1 M NaCl, 1 mM EDTA, 0.1 % SDS), followed by 
elution of the poly (A) * RNA with 3 vols of elution buffer (10 

15 mM Tris-Cl, P H 7.6, 1 mM EDTA, 0.05 % SDS) preheated to + 65. 
»C bv collecting 500 M l fractions. The OD M0 was read for each 
collected fraction, and the mRNA containing fractions were 
pooled and ethanol precipitated at - 20 -C for 12 h. The 
poly (A) + RNA was collected by centrif ugation, resuspended m 

20 DEPC-DIW and stored in 5-10 M g aliquots at - 80 °C. 

Northern blot analysis: The P oly(A) + RNAs (5 M g/sample) from 
various mycelia were electrophoresed in 1.2 agarose-2.2 M 
formaldehyde gels (Sambrook et al., 1989) and blotted to nylon 
25 membranes -(Hybond-N, Amersham) with 10 x SSC (Sambrook e.t al. , 
1989) as transfer buffer. Three random-primed (Femberg & 
Vogelstein, 1983) "P-labeled cDNA probes were used m 
individual hybridizations: 1) a 1.3 kb Not I-Spe I fragment 
' for polygalacturonase. I from A. aculeatus (described in Danish 
30 Patent Application DK 1545/92)', 2) a 1.3 kb Not I-Spe I 
fragment encoding endoglucanase I from A. aculeatus (described 

■ - in DK 0419/92) and 3) a 1.2 kb Eag I fragment coding , for 

galactanase I from A . aculeatus (described i* WO 92/1394.) 
Northern hybridizations were carried out in 5 x SSC (Sambrook 
35 et al 1989), 5 x Denhardt ' s solution (Sambrook et al., 19S3); 
0 5 % SDS (w/v) and 100 M g/ml. denatured salmon sperm DNA with 
a probe concentration of ca , 2 ng/ml for 16 h at 65 -c followed 
by washes in 5 x SSC at 65 -C (2 x 15 min)/ 2 x SSC, 0.5 % SDS 
(1 x 30 min), 0.2 x SSC, 0.5 % SDS (1 X 30 min), and 5 X SSC (2 
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x 15 -in). After autoradiography at - 30 -c for 12 h, the probe 
# I was removed from the filter according to the manufacturer s 
Instructions and rehybridized . with probe #2, and eventually 
with probe .#3. The RNA ladder from Bethesda Researcn 
5 Laboratories was used as a size marker. 

cDNA synthesis: 

First strand synthesis: Double-stranded cDNA was synthesized 
10 from 5 M9 of A. aculeatus poly (A) * RNA by the RNase H method 
(Gubler 6 Hoffman 1983, Sambrook et al., 1989) using the hair- 
D in modification. The poly (A> -RNA (5 M g in 5 M l of DEPC-treated 
water) was heated at 70 °C for 8 rain., quenched on ice, and 
combined in a final vdlume of 50 M l with reverse ^an-ri^ase 

m • oi Tt p -5 75 mM KC1, 3 mM MgCl2, 10 mM 
15 buffer (50 mM Tris-Cl, P H 8.3, 75 mM * 

DTT Bethesda Research Laboratories) containing 1 mM each dNTP 
(Pharmacia) ,40 units of human placental ribonuclease inhibitor 
(PUasin, Promega), 10 M g of oligo(dT),,, primer (Pharmacy) and 

tt tjnscio h- reverse transcriptase 
1000 units of Superscript II RNase n 

20 (Bethesda Research Orator £es)--Tirs.t^trand cDNA was 
• .synthesized by incubating the reaction mixture at 45 -C for 

Second strand synthesis: After synthesis 30 ,1 of 10 *K Tris- 
Ci PH 7 5 1 mM EDTA was added, and the mRNA : cDNA hybrids were 

25 e^anol precipitated for 12 h . at - 20 -0 by addition of 40 „ 
giycogen' carrier (Boehringer Mannheim) 0.2 vols 10 M NH 4 Ac and 
2 5 vols 96 % EtOH. The hybrids, were recovered ■ by 
centrifugation, washed in 70 % EtOH, air dried and suspended 
in 25 0 ,1 of second strand buffer (20 »M Tris-Cl, pH 7.4, 90 mM 

M /ku \ ?n is uM 6NAD + ) containing lou 

30 KC1, 4.6 mM MgCl2 , 10 mM (NH 4 ),S0 4 , lo fin 

,M each dNTP, 44 units of E. coli DHA polymerase I (Amersham) , 
6 25 units of RNase H (Bethesda Research Laboratories) and 10.= 
units of E. coli DMA" ligase (New England Biolabs) . Second 
strand cDNA synthesis was performed by incubating the reaction 
35 tub- at 16 o C for 3 h, and the reaction was stopped by addition 
of ~EDTA to 20 -mM final concentration followed by phenol 
extraction. 
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frM ., ept . The double-stranded (ds) cDNA was 
Hung bean nuclease treatment, me Qouj. 

ethanol orecipitated at - 20 -c for 12 h by addition of 2 vol. . 
- 0 , S 6 % EtOH, 0.1. vol 3 « NaAc, pH 5.2, recovered by 

u ,■■,(! ^ f t OH d^-ied (SpeedVac) , and 
centrif ugation, vashea m 7 0 < -run, c.±e if 

3 resusoended in 30 M l of Mung bean nuclease buffer (30 m* NaAc 

pH 4 6 300 mM NaCl, 1 mM ZnS04 , 0.35 mM DTT.- 2 % glycerol) 

containing 36 units of Mung bean nuclease (Bethesda Besearch 

oratories, . The single-stranded hair-pin DHA was clipped by 

p*- 30 °C for 30 min, followed by 
incubating the reaction au 30 
„ addition of 70 ,1 10 mM Tris-Cl, pH 7 . 5 , 1 mM EOT, phenol 
extraction, and ethanol precipitation with 2 vols o„ 96 « 
and 0.1 vol 3« NaAc, pH 5.2 at - 20 -c for 12 h. 

Blunt-ending with T4 I»A polymerase: The ds cDNA was blunt- 
15 ended with T4 DNA polymerase in 50 Ml of T4 DNA PolY-"-" 

» * „u 7 t, 10 mM MgAC, 50 mM KAC, 1 mM 
buffer (20 mM Tris-acetate , pH 7.9, 10 mM Mg 

DTT) containing 0.5 mM each dNTP end 7.5 unit, of T4 DMA 
■ polymerase (Invitrogen, by incubating the reaction mixture . 

I 3 Y 7 , c for „ Bi „. The reaction was stopped by addition of 
-■i6--EDfA-t— 2-0-m«-final- concentration, followed by phenol 
extraction and ethanol precipitation. 

Adaptor ligation and size selection: After the fill-in reaction 
the CDNA was ligated to non-pal indrcmic BstX I 

25 M/(l l, invitrogen) in 30 ,1 of Ugation buffer <50 mK Tris-Cl^ 
PH 7. , 10 MgClZ, IP .m« DTT, 1 mM ATP, 25 „„-! bovine serum 
albumin, containing 600 pmol BstX 1 adaptors and 5 units of T4 
ligase (invitrogen, by incubating the reaction mix at ; 16^ c 
for .2 h. The reaction was stopped by heating at + 70 S 

3„ min, and the adapted cDNA was sUe-f ractionated by agarose ge 
electrophoresis ,0.3 % HSB-agarose, FMC, to J" 11 *^ 
adaptors and smal! cDNAs . The CDNA was size-selected with a 
■cut-off at 0.7 and the CDNA was electroeluted from th 

aga-ose gel in 10 mM Tris-Cl, pH 7.5, 1 mM' EDTA for 1 h a. 100 

3s p l=i a nd e^i predate* at - 20 . q 

12 h as above. 

construction of .cDHx' libraries: The adapted, ds cOHA was 
Levered by centrif ugation , washed in 70 % BtOH and 
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.esusoended in 25 ml D». Prior to iarge-scale Ubrary 
ligation, four test Unions were crrirf out m 10 ,1 °- 
• lotion buffer (same as above, ..eh containing 1 ,1 * =™ 
.Action tubes « - 2 unit, of T. lie... <-v«-9«> ^ 

, 50 ng (tub. n,. 10. ng (tub. «> and 200 n, (tubas 3 and <> 
Est XI =i«v.d yeast expression vector either pY.S 2.0 vector 
Nitrogen or yHD13, . The ligation reactions .era performed by 
incubation at ♦ » oCfor 12 h, heated at 70 -c for = mm a d . 
i ,1 of each ligation electroporated (200 n, , S XV ,H - 
10 ^competent E. coii 10.1 cells (OD600 - 0.. xn liter LB 
io "V once in 20 ml of 10 -s 

broth washed twice in cold DiW, once in 

g rol, resuspended in 2 .1 10 * alyc.ro!,. ««r add-on of 
I II S0C to each transforation mix, the cells were .grown ,t , 
3, -c for 1 h . 50 ,1 Plated on LB ♦ ampicilUn plates (100 
is' eg/ml) and grown at + 37 °c for 12h. 

using the optimal conditions a large-scale ligation was set up 
i 7. ,1 of" ligation buffer containing , units of T4 ligas , 
and the reaction was incubated at + 16 -C for 12 h The 

pthanol precipitated at -^^ ^ . 

cent" ugation" and resuspended in 10 ,1 DIV. One ,1 ,11,-ot. 
' . „ e ^traLormed into electrocompetent E. coli 1..1 cells us „g 

the s.. e alectroporation conditions as above ^ an the 
25 transformed cells ware titered and the library plated on L + 

ampicillin plates with 5000-7000 -'-'P^ " P 

was added 3 ml of medium. The bacteria were scraped off, 1 ml 

was added mi Tha rlMinlng 

glycerol was added and stored at 80 C P 
- ' L were used for DNA isolation. If the amoun. o. ON 

• • * ,„ a ive the reauired number of yeas. 
3„ insufficient to give t ^ ^ ^.^ 

transformants, large scale DNA was p P • agate d 

(TB) inoculated with 50 „1 of -80-C bacterial stock pr p 9 



overnigh 



Q - veast libraries: To ensure that all the 
35 Construction oi yeast t 
bacterial clones were tested in yeast, a nu»bar o. yeast 
transformants 5 times larger than the number ^of bacterial 
clones in the original pools was set as the limi.. 
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one .1 aliens of purified plasmid DHA (WO ng/„l, from 

iv^ua! pools were executed (200 „, 1.5 XV *, ^ 
into .0 ,1 content 5. cerevisiae JO 169 cells (OD6.0 - 1., 
.„ 500 ml Y?D, washed twice in cold DIW, once in cola 1 H 
s "sorbitol/ resusoended in 0.5 .1 1 « sorbitol, BecKer . 
Guarante, 1991) .. After addition of 1 -1 1« cold sorbitol 80 
,1 aliquots were plated on SC ♦ glucose - uracil to give 2=0- 
400 c.f.u./plate and incubated at 30 °c for 3 - 5 days. 

construction of an MS^iil^ expression vector: the vector 
OHD414 is a derivative of the plasmid p775 (described in B 238 
Z ^ In contrast to this pL-id. PHD «1« a string o 

unique restriction sites between the propter, and the 
terminator The plasmid was constructed by removal ^ of an 
„ approximately 200 bp long fragment (containing 
" sites) at the 3 -end of the terminator, and subsequent re-oval 
an approximately 250 bp long fragment at the 5'end of the 
p omoter also containing undesirable sites. The 200 bp region 
Ls removed by cleavage with Narl, (positioned . in the pOC 
, * vLl (lust 3' to the..--terminatorJ..,„subsegient_ 
20 vector and Xbal Oust J 

filling in the generated ends with Klenow DNA polymerase +dNTP, 
p^ification of the vector fragment on gel and relation of 
^vector fragment. This plasmid was called P HD413. pH D «3 was 
with StuX (Positioned in the 5>end of the promoter, ^ and 
2 S EvuII (in-the pUC vector,, fractionated on gel and religated. 
The plasmid pHD 414 is shown in Fig . 2 ■ 



Media: 
YPD: 10 



_: i„ g yeast extract, 20 g peptone, HO to 810 ml. 
30 Autoclaved, 90 ml 20, glucose (sterile filtered, added. 

10 x Basal salt: 88.8 g yeast nitrogen base, 100 g succinic 
acid, 80 9 »=0H, H,0 ad 1000 ml, sterile filtered. 

, -> 5 mi 20% casamino acids, -9 

35 SC-URA: 90 ml 10 x Basal salt, 22.3 m_ 

35 it UKA - 3 „ i „ 1 , v<l H 3 6 ml 5% threonine 

ml 1% tryptophan, H 2 0 ad 805 ml, au.oclav^, 3.6 m 

and 90 ml 20% glucose or 20% galactose added. 
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SC-H broth: 7.5 g/1 yeast nitrogen base without amino acids, 
• in 3 a/1 succinic acid, 6.8 g/1 HaOH, 5.6 g/1 casamino adds 

Jthout vitamins, 0.1 g/1 tryptophan. Autoclaved for 20 min. at 

121 o C autoclaving, 10 ml of a 30% galactose solution, o 

s 1.1 of a 30% glucose solution and' 0.4 ml of a 5% threonine 

solution were added per 100 ml medium. 

SC-H aga- 7.5 g/1 yeast nitrogen base without amino acids, 
H 3 g/1 succinic acid, 6.8 g/1 NaOH , 5.6 g/1 casamino acids 
,o without vitamins, 0.1 g/1 tryptophan, and 20, g/1 agar .(Bacto) . 

m»r After- autoclaving, 5a ml or a 
Autoclaved for 20 mm. au 121 C. A-ue- . * 

j - o ™i ? 5%' threonine solution 

22% galactose solution and a. 8 ml cu a 5. 

were added per 450 ml agar. 

<* ■» nl^ kh^O 16 7 g/1 agar, pH adjusted to 7. 
15 YNB-1 agar: 3.3 g/1 KnjP<->4 , ±o./ y/ 

Autoclaved for 20 .in. at 121-C. After autoclaving, 25 .1 of a 
!3.S% yeast nitrogen base without amino acids, 25 ml of a ^40., 

, ^- -i * m i of a 1% L-leucine solution and 1.5 mi 
glucose solution, 1.5 ml ot a ±« u 

of a 1% histidine solution were added per 450 ml agar. 



YNB 



aaar but without the agar. 
-1 broth: Composition as YNB-1 agar, 

FG— 4-Agar: 35 ,/L agar, 30 g/L Soy bean meal, 15 g/L malto- 
dextrin (Glucide* <) , 5 ,/L Bacto pepton, pH 7. Autoclaved 40 
25 min at 12l°C- 

FG -4 medium: 30 g/L Soy bean meal, 15 g/L -^e^in 
(Glucidex 6), 5 g/L Bacto peptone. Autoclaved 40 mm at 

30 MDU-2 medium: 45 g/L maltose, 1 g/L MgSQ. 7 H 2 0, 1 g/L NaCl 
2 g/L K,S0 4 , 12 g/L KH 2 P0„ 0.1 ml/L Pluronic 61 L, O.o ml/L Trace 
mltal solution. P H 5.0. Autoclaved 20 min at 121-C. 15 ml/L 50. 
sterile filtered urea is added after . autoclaving . 

i. -is- uqR aca rose 1% pectin (DE 75%) in a 
35 Pectin overlayer gel: l< HSB agarose, y 

buffer with an appropriate pH. The gel was .oiled and then 
cooled to 55-C before, the- overlayer was poured onto agar 

plates. 
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^ g nerm' 7 ? us n icier 

• fooneral nrncsdure) . 

*i Methods in Yeast Genetics, Cold 

100 ml of Y?D .(Sherman eu al., Memoes _n 

"soring Harbor Laboratory, 19.1) is inoculated with spores of A 
s '„ or A. nigor and incubated with shaKin, at 37-C for abou. 
2 days. The .y«Uu, is harvested by filtration through 
miracloth and washed with 200 ml of 0.6 M H g S0 4 . The -yce ™ 
is suspended in 15 ml of 1.2 M MaSO, . 10 * NaH 2 P0 4 , »H - »•«• 
™e suspension is cooled on ice and 1 -1 of buffer contains 
,20 m, of Novozym® b.tch 1*87 is added. After 5 minutes 1 

l^u . added an d incubation • 

»1 of 12 mg/ml BSA (Sigma type H2o) is added 

■ fnr i 5-2 5 hours at 37 c unm 

with gentle agitation continued for 1.5 2. a n 

• * ,- nnlae . ts is visible in a sample inspected 

a large number of protoplasts is v-sau- 

under the microscope. 

• „ filtered through miracloth, the filtrate 

The suspension is filtered ui y 

transferred to a sterile tube and overlayered with 5 ml of 0 6 
TsorbTtcl, 100 m«- Tris-HCl. pH - 7.0. ^f^r;^ 
performed for 15 minutes at 100. , and the protoplasms are 
Llected from the top of -e^SO cushion. ™ 
(1 2 M sorbitol, 10 mM Tris-HCl, pH - 7-5. 1U .1 
ad ded to the protoplast suspension and the mi^ure x. 
centrifugated for 5 minutes at 1000 The protoplast pellets 
y reoelleted. This is repeated, 

resuspended in 3 ml c STC and rep .„,,.„, STC 

2S Finally the protoplasts are resuspended xn 0.2-1 ml of STC. 

!00 ,1 of protoplast suspension is mixed with 5-25 „ " * 

. ,„ , of STC Protoplasts are -.mixed with 

,o is left at room temperature for 25 minutes. 0^ -1 o 

4000 (BDH 29576). 10 mM CaCl 2 and 10 ,mM Tris-HCl, ph - 7 5 
added and carefully mixed .twice, and finally 0.95 ml of the 

.0^ i. added an d ^ .ix-. ^ „ ^. « 

^ ^oT-ature for 25 minutes, spun at 2^00 g fo- 1 = 
at room temperature for m 

• t'n° oellet is resuspended m 2 . . 

35 mmu.es and .n_ . the pro toolasts are 

sorbitol. After one more sedimentation .he p 
spre ad on the appropriate plates. Protoplasts .are spre^ d 
Animal plates (Cove Biochem . Biophys . Acta ^ (1966, 51-5 
containing 1.0 M sucrose, P H - 7.0, 10 *M acetamide as nitrogen 
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source and 20 « CsCl to inhibit background growth After 
- nc bation for 4-7 days at 37-c spores are picked ana sp ead 
"for single copies. This procedure is repeated 
a single colony after the second reisolation xs s.ored as 

5 defined transf ormant . 

TVil Wh ^nnpntation t 

. * Wa Hon was performed in a medium comprising 

Fed batch fermentation was» y« . 

,,~o» a nit*"oqen source and 

-r^- it::: :::i:™t^on - 

10 Tn Liatt; a shake flask culture o f orv Z ae host cells in 
inn y ■ ■ n , s > nf the carbon source and 

Question into a medium comprising 3.5< 01 

„ of the nitrogen source. After 24 hours of citation at 
^ .0 and M .c the continuous supply of addit.onal car on ad 
,s nitrogen sources were initiated. T he carbon source was kept as 
.5 nl'-roge secured that oxygen was present 

i™:: in : h rr b - Ovation w as «« . — 

t er which the enzymes couXd be recovered by centrif ugat.cn. 
ultr.fiItr.tion. clear filtration and germ fil tration. 

20 

ra.1-.io- "* th " enzvme follows- 
^e recombinant ^n^melrom *■ «y». was purlflea *» lows. 
A culture supernatant was harvested after 5 days of culture 
end centrifuge*, sterile filtered, and concentrate. or , a 20 kO 
2S ultrafiltration device to approximately 20% dry ma.ter 40 ml 
of this concentrate (containing B0-120 mg rPHE, — » 
times in 20 mM Tris pH 8.0 and applied to a HE 16/2C , Q 
"lose fast flow column (Pharmacia, Sweden, at 1.5 ml/min 
n u d w th a linear H.C1 or.di.nt (from 0 to o.-'H.CX) at 
and eiutea frac tions containing pectin 

30 approximately 0.4 M Had. t filtrat . d int o 20 

Pharmacia. Sweden, at i.S -^-^ «£ 
» linear NaCl gradient at approximately 0.2 
35 ^ contajing « act^ty were ^trated in^ter 

concentrations in the ira«.on 
protein assay (Bio Rad, USA) . 
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Characterization of an enzyme of the invention: 
Tlectroohores is 

SDS-PAGE electrophoresis was performed in a Mini-Leak 4 
electrophoresis unit (Kem-En-Tec, Denmark) as a modified 
5 version of the Laemli procedure (Laemmli 1970). Isoelectric 
focusing was carried out on Ampholine PAG plates pH 3.5 - 9.5 
(Pharmacia, Sweden) on a Multiphor electrophoresis unit 
according to the manufactures instructions. Gels were either 
silverstained essentially as described in (Merrild, Switzer et 
io al. 1979) or coomassie stained according to (Matsudaira 1989). 

pH stat measurements 

The eauipment used was a titrator TTT80; autoburette ABU80; 
Titrigraph module REA 160; pH stat unit REA 270 all manu- 

15 factured by Radiometer, Copenhagen, Denmark. The incubations 
were done in a 15 ml reactor cell connected to a thermostat and 
a magnetic stirrer. The reactor was filled with 15 ml 0.2% 
• substrate solution in water, the substrate being apple pectin 
with a .75% of este.rification produced from apple pectin 

20 ^T.nf.rtured , bv .Obipektin AG. pH was adjusted to 4 . 5 with NaOH 
or HC1 (for determination of pH optimum, pH was adjusted to 
•other values as described below), and the temperature of the 
reaction cell was maintained at 30°C (except for determination 
of temperature optimum, as described below) . After the enzyme 

25 sample had been injected in the reactor, the cell was left 
stirring for 1 minute, whereafter, the reaction was measured 
over 1.5 minutes. The pH stat injected 10 mM NaOH in the 
reactor cell to • maintain constant pH, and the number of 
hydrolyzed methyl ester linkage (hmel) is directly proportional 

30 to the amount of NaOH injected into the reactor according to 
the following equation: 

n(hmel) =n(NaOH) (l+[H+]/Ka') ) 

•) The pK a of galacturonic acid is approximately 3.5 at 30°C. 
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Determination of pH optimum 

The experiments were conducted at pH values varying from 2.5- 
6.0. 1.5 fig of purified enzyme in a volume of 50 ml were added 
to the solution and measurements carried out as described 
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above. The activity was expressed as percentage of the maximal 
activity (pK 4.55). 

Determination of pH stability 
5 For determination of pH stability, 1.5 >g of enzyme in a volume 
of 50 ml were added to 10 ml 0.1% substrate solution in the 
reactor cell, and the pH adjusted to a value between 2.5 and 8. 
After 1 hour incubation at 30°C, 5 ml 0.4% substrate solution 
were added and pH adjusted to 4.5. Subsequently activity 
ao measurements were carried out as described above. 

Determination of temperature optimum 

The experiments were conducted at temperature values varying 
from 25-62°C. 1.5 pg of purified enzyme in a volume of 50 ml 
15 were added to the solution and measurements carried out as 
described above. The activity was expressed as percentage of 
the maximal activity (43°C). 

Determination of temperature stability 
20 The enzyme samples were incubated at various temperatures 
between 30° and 80° for 0.1 and 2 hours, after which the 
activity was measured as described above. 

Determination of pectin methvlesterase activity 
25 . • 

1 unit of pectin methyl esterase activity (PMEU) -is defined as 
the amount of pectin methyl esterase which hydrolyzes l^mole of 
pectin methyl ester per minute wtih citrus pectin (72 % 
methylation) as the substrate at 0.5 % by weight substrate 
30 concentration at pH 4.8 and 22 °C. 

EXAMPLE 1 

35 A library from A . aculeatus consisting of approx. 1.5 x 1Q 6 
individual clones in 150 pools was constructed. 

DNA was isolated from 20 individual clones from the library and 
subjected to analysis for cDNA insertion. The ■ insertion 
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f reguency was found to »« >90 % and the average insert size was 

approximately 1400b?. 

DN* fro, some of the pools was transformed into yeast, and 50- 
,00 olates containing 200-500 yeast colonies were obtained from 
each pool. After 3-5 days of growth,, the agar plates were 
replica plated onto several sets of agar plates. One se. of 
plates was then incubated for I-* days at 30-C and overlayered 

„• „„ r i,»„ aei for detection of pectinolytic 

with a oectin overlayer ge- i.u . 

X. activity. After" incubation overnight at 30-C, 10-15 -1 of a 1. 
solution of KTAB (mixed alKyltrimethylamBomu. brom.de, was 
poured - onto: the overiayer and removed after 1 hour^ PM* 
positive colonies were identified as colon.es surrounded by a 

white halo. 



15 



CeUs from enzyme-positive colonies were spread for single 
colony isolation on agar, and an enzyme-producing s.ngl e colony 
was selected for each of the Producing colon.es .dent.fxed. 

„ characterization of positive «!.»..: The positive 

obtained as single colonies, the CD„A ^inserts were ampl f.ed 
■directly from the yeast colony using biotinylated polylmker 
e Z r P^ified by magnetic beads (Dynabead M-3S0 Oyna 
system and characterized individually by seguenc.n g the 5 -end 

25 or each cDNA clone using the chain-terminat.on method < nger 
It al 1977) and the Seguenase system (Unxted Sta.es 
Biochemical, . The cDNA sequence encoding the enzyme is shown in 
SEQ ID no. 1. 

,0 LoHtlon of a cDNA gen. for expression in Aspergillus^ 
one or more of the PME-producing colonies were 
20 ml WB-1 broth in a 50 ml glass test tube. The tube w 
shaken for 2 days at 30-C. The cells were harvested by 
centrifugation for 10 min. at 3000 rpm. 

The cells were resuspended in 1 ml 0.9 M sorbitol, 0.1 M EDTA, 
p* 7 .5. The pellet was transferred to an Bppendorf tuoe, and 
spun for 30 seconds at full speed. The cells were resuspended 
in 0.4 ml 0.9 M sorbitol, 0.1 H EDTA , 14 mM g-mercap.oe.hanol . 



35 



WO 94/25575 



27 



PCT/DK94/00173 



10 O Ml 2 mg/ml Zyolas. was added, and the suspension was 
incubated at 37'C for 30 minutes and spun for 30 seconds Th. 
•pellet (soheroolests) was resuspended in 0.4 ml Tl. 90 M - o. 
<i\ »1 0-5 M EDTA P H 8.0, 0.6 ml 2 H Tris-Cl pH 8.0, 0.6 ml 

5 10 % SDS) was added, and the suspension was incubated at 65°C 
for 30 minutes. 80 ,1 5 H KOAc was added, and the suspension 
was incubated on ice for at least 60 minutes and spun for lo 
^nutes at full speed. The supernatant was transferred to a 
fresh tube which was filled with EtOH (room temp.) followed by 

10 thorough but gentle mixing and spinning for 30 seconds The 
pellet was washed with cold 70% ETOH, spun for 30 seconds and 

„.,.„ The Dellet was resuspended m 50 /zl 
dried at room temperature, me pei^ 

TE and span for 15 minutes. The supernatant was transferred to 
a fresh tube. 2.5 „1 10 ™ase was added, followed by 

15 incubation at 37-C for 30 minutes and addition or M , 
i.oprcoanol with gentle fixing. The mixture was spun for 30 
seconds, and the supernatant was removed. The pellet was r.nsed 
with cold ,6% EtOH and dried at room temperature. The p»A was 
absolved in 50 „1 water to a final concentration of 

20 approximateLy-mO-Ml/ml- . • , 

The dha was transformed into E. cell by standard . procedure^ 
Two E . coli colonies were isolated from each of the 
transformations and analysed with the restriction en.ymes 
25 HindXIX and Xbal which excised the DNA insert. OKA from one of 
these clones was retransf ormed into yeast strain JG169. 

i thp nositive clones were 

The DNA sequences of several o. the posi-i 

determined. The entire DNA sequence of a PME x. shown n SEQ ID 
30 No. 1, a partial DNA sequence is shown in SEQ ID No. 3. 



EXAMPLE 2 



35 In order to express the genes in Aspergillus, =DNA is isolated 
one or more representatives of each family by digestion 
with Hindlll/Xba! or other appropriate restriction enzyme , 
Ti*e fractionation on a gel and purification and subsequently 
ligated to pB D«.. resulting in the plasmid pMPEl.2. After 
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„pU«c.lion in 5. coli, th. pU_M. »« transformed into ^ 
oryz ae or A. niaer according to the general procedure described 
above . 

5 Test of A. orvzae transf ormants 

Each cf the ;™.f™»t. was inoculated in the canter of a 
Petri dish with FG-4 agar. After 5 days of incubation at 30 
4 mm diameter plugs were removed from th. center of the 
colonies by a corkscrew. The plugs were embedded in a pec.rn 

10 overlayer gel and incubated overnight at 40'C. The PME activity 
„as identified as descried above. Some of - the transplants 
had halos which were significantly larger than ^ 
background. This demonstrates efficient -expression o ; PME in a. 
oryzae. The S transf ormants with the highest PME activity were 

15 selected and inoculated and maintained on YPG-agar. 

Each of the 8 selected transf ormants were inocuiated fro* YPG- 
agar slants on 500 ml shake flask with PG-4 and MW-2 -ax... 
■ After 3-5 days of fermentation with sufficient agitation to 
"To-^sHre-g-oo-a-aeration, the culture broths were centrifuged for 
10 minutes at 2000 g and the supernatants were analyzed. 

A volume of 15 „1 of each supernatant was applied to 4 mm 
diameter holes punched out in a pectin overlayer gel (» m in 
25 a 13 cm diameter Petri dish, . The PME activity was identified 
by the. formation of a white halo on incubation. 

subseauently, the PME was produced by fed batch fermentation of 
A. oryzae expressing the enzyme as described in Materials and 

30 Methods above. 



EXAMPLE 3 

. • „ - -inpod recombinant PME 
35 Purification and characL^.z-t.un 

of tbe invention 

P„E hydroly.es the ester-linkage between methanol and 
galacturonic acid in esterified pectin. Kence, the action of 
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• w,, -Ha ^srrosso in oH which happens 
the enzyme can be measured by .ne ascr.as- -n H 

concomitant with the formation of free acid groups. Thxs 

analysis method has been used for determination of Km, Vmax, pn 

■ & Temperature optimum of a PME of the invention as well as 

s determination of how temperature, P H and substrate 

concentration affects the activity of the enzyme. 

Purification of enzvme 

The purification of a recombinant enzyme from A. oryzae 
10 produced as described above was purified and characterized by 
the methods described in the Materials and Methods section 
above. The following results were obtained : 

The molecular weight of the enzyme was determined to 43 XD by 
,5 SDS-PAGE. This is higher than the calculated molecular weight 
of the enzyme (approx. 35 KD) indicating that the enzyme may be 
glycosylated to a significant extent. The isoelectric point was 
determined to 3.8 by isoelectric focusing, which is. slightly 
lower than the calculated value (.4.1). This may also indicate 
20 that the enzyme undergoes a significant post-transl.ational_. 
processing (e.g. glycosylation) . 

The P H optimum was measured to approximately P H 4.5 (Fig. 3) 
and the temperature optimum to 45-C (Fig- 4). the activity 

25 droos sharply at P H above . 4 ,5 . and ' temperatures above 50'C, 
Whereas the drop in activity at lower temperatures and P H was . 
less pronounced. The special method of measuring P H stability 
precludes an exact measurement of P H sensitivity of the enzyme 
but the PME of the invention appears to be most stable at 

30 neutral P H, i.e. above 5.5-6 such as within P H 6-8 (Fig o). 
The enzyme was relatively sensitive to elevated temperatures, 
i.e. temperatures above 50°C. Already after 1 hour at :>0 , 
almost 80% of the activity has been lost (Fig. -6) . 

35 Finally, the raaction spaed, V na ,, and K, was determined for the- 
. enzyme by varying the substrate concentration during incuba- 
tion, and plot the results in a Hanes plot, ^here [S]/V = [S 
1,V« ♦ K m /V n . (Fig, 7). K,„ was ^^'l**™ 15 * 
esterified apple pectin (apple- pectin, with a 75. degree o. 



PCTmK94/00173 

WO 94/25575 

30 

.,te^ vacation) . This is a " relatively high value, which 
indicates a relatively low affinity to the substrate. The 
Maximal velocity of the enzyme, V^, was determined to 8.6 
M mol/min, and the specific activity was determined to 3 . 3 

5 itimol/ (min/mg) - 

When using citruc pectin (DE-70-72%) as a substrate and 
oerforming the assay at a temperature of 22-C. the Km was 
determined to be 0.5%, the Vxaax to 6.0 M mol/min, and the 
ao specific activity was determined to 239 . ^ol/ (mxn/mg) . 
Furthermore, under these conditions the - P H optimum was 
determined to approx. 4.8. 

The enzyme was not able to hydrolyze acetyl-ester groups from 
15 neither acetylated polysaccharides, nor the synthetic acetyl- 
• esterase substrate p-nitro-phenol-acetate , demonstrating it. 

substrate specificity. The specific activity on apple pectxno 

5.5 mmol/(min/mg) indicates, that the enzyme has a very hxgh 

catalytic capacity. 

" As expected the enzyme has a significant synergistic effect on 
pecti'n degradation when used in ' 'combination with 
polygalacturonases. By incubation with an A. aculeatus 
polygalacturonase (PCT/DKS3/00445, vith or without PME of the 

25 invention it was .found that polygalacturonase alone has only 
limited activity towards the pectin. PME alone has no effect on 
the degradation of the pectin, but the use of 
combination with polygalacturonase significantly increases the 
substrate degrading capability of the poXygalacturonase whereby 

30 oligomeric material is formed. 

The acidic oh optimum of the .n.y» indicates that it may be of 
great value in fruit juice processing where the pH frequently 
Is below PH 5.0, but it may also be. of use in the wx„. ; feed 
3S and food 'industry, where pectin containing plant material. « 

processed. 
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EXAMPLE 4 

Demethylation of pectin 

5 40.0 g of pectin having a degree of esterif ication of 72% were 
diluted in 2000 mis, 80°C demineralized water. The pectin 
solution was tempered to 30°C, pH was adjusted to 4 . 5 with 0.25 
M NaHC0 3 . 

10 34 PMEU/g pectin of PME produced as described above were added 
to 2000 mis of pectin solution. At the time 10, 30, 60, 120, 
180 min., 50 mis samples were taken out and heat treated to 
inactivate -the enzyme (100°C, 10 min.). Afterwards, the samples 
were analysed in accordance with the following method: 



6.25 g of the 2% enzyme treated solutions was added and 
dissolved in 1.25 ml ethanol and 25 ml C0 2 -free demineralized 
water. The amount of free carboxyl groups is determined by 
titration with 0.2 M NaOH to the equivalence point (pH 7.0) to 

20 deteritiine_the nonesterif ied galacturonic acid units. A known 
excess of aqueous NaOH was added and saponification was allowed 
to take place for 1 hour. Then, an equivalent amount of HCl was 
added and the sample was again titrated to pH 7 . 0 to determine 
the amount of esterified galacturonic acid units. The degree of 

25 esterif ication, DE%, was then calculated. 

The results are apparent from the table below: 



Time, min . 


0 


10 


30 


60 


120 


180 


DE% 


(72)* 


52 


39 


33 


27 


26 



*) not measured. 
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EXAMPLE 5 



Orange marmalade 

Oranges were washed and minced in a meat chopping machine. The 
5 fruit was added sugar in the level fruit/sugar: 5/1 based on 
weiaht. Then the fruit mass was cooked for about 15 mm and 



cooled to -18°C. 



The fruit mass was later diluted 1=1 by demoralized water, 
10 tapered to 40-C and pectin methyl esterase prepared as 

=in a samples in amounts oi 1/, j- • 
described above was added uo 50 g samp- _ 

and ..17 PMEU/g of pectin. The P H of the samp es remained 
unaiusted 3.5. The pectin'was estimated to be 30% w/w of the 
r » centre! was also prepared, consisting of 1, PHE0/9 o 
„ pectin (inactivation 85-c for 3 minutes,. The reaction .ime was 



1 hour. 



The samples were then cooled, to 4-c over 
following day the hardness of the eels was eva uated at 4 c 
ao before and after a heat treatment (IS'C for 3 mm) o. the 

samples. J 

The measurement of the hardness of the gels was carrUd out by 
using SMS Tenure Analyser. The conditions of the texture 

25 analysis were as follows: 



Probe, diameter mm: 2 0 

Penetration: 20% 
Rate: 2 ™*/ se * 
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The hardness, N, appears from below: 





17 

?MEU/g 
N 


1 . 7 
PMEU/g 
N 


0. 17 
N 


contro 
1 
N 


Before 

inactiva 

tion 


5.24 


2.11 


0.26 


0.08 


After 

inactiva 

tion 


3 .97 


1.52 


0.26 


0.09 
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EXAMPLE 6 



Tomato paste 

is Canned, peeled plum tomatoes added tomatojuice and citric acid, 
bought at the grossery store were used as a substrate for the 
following PME-trials. 

Pectin' methyl esterase prepared as ..described .above yas.added to 
2 o a D ortion of 100 g in an amount of 5 PMEU/g tomato product, a 

control was added 5 PMEU of inactivated PME/g tomato product. 

The samples were mixed and left for 40°C for 30 minutes. The 

samples were then placed at 4°C until the next day and measured 

by SMS Texture Analyser at 17-C.The samples were heat treated 
25 for 85°C in 3 min to inactivate the enzyme and after having 

adjusted the temperature to 17 -C, the samples were again 

measured by SMS Texture Analyser. 

The texure analyser measures the hardness, N. The probe is a 20 
30 mm probe, penetration of the sample was 20%, the speed was 2 
mm/sek. 

p H of both the control and- the. test sample was 4.4. 
The results are apparent from the table below. 
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Hardness, N 
before 

inactivation 


Hardness, H 
after 

inactivation 


test sample 


0.31 


0.24 


control 


0.09 


0. 10 



EXAMPLE 6 

pudding-Like Milk Dessert 

10 198 g of milk was heated to 80"C in a microwave oven. 2 g of 
rapid set HM pectin was added at 80°C by vigerous mixing. The 
milk was afterwards tempered to 30»C and pectin methyl esterase 
prepaid as described above was added to 100 ml of the mixture 
in an amount of 5 PMEU/ml. A 100 ml control was also prepared- 

11 containing the same amount of inactivated enzyme (85°C in 3 
• min). The pH of the two samples was 6 . 3 . 

. ._ The • -test ..sample...cor,tainin g . active enzyme gelled in 10 min while 
the control remained fluent - 
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SEQUENCES 
SF Q TP NO- 1 

5 A . aculeatus Pectin methy lesterase DNA sequence. The start and 
stop codons (indicating the coding part of the DNA sequence) 
are marked in bold. 

AGTCGATCATACACTCATATCAATCGCAAAAATGGTTAAATCAGTCTTGGCT 
10 TCCGCTCTCTTCGCCGTGTCCGCACTGGCTGCCAGCCGTACCACGGCTCCCTCC 
GGCGCGATCGTCGTCGCCAAGTCTGGTGGTGACTATACCACTATTGGTGATGC 
CATTGATGCTCTGAGCACCAGCACCACCGACACCCAAACCATTTTCATCGAG 
GAGGGTACCTACGATGAGCAGGTCTACCTGCCTGCTATGACCGGCAAGGTCAT 
CATCTACGGTCAAACCGAGAACACCGACTCCTACGCCGACAACCTGGTCACCA 
15 TCACCCACGCCATCAGCTACGAGGATGCTGGTGAGAGCGATGATCTGACTGCT 
ACCTTCCGCAACAAGGCTGTCGGCTCTCAGGTCTACAACCTCAACATTGCCAA 
CACCTGTGGTCAGGCTTGCCACCAGGCTTTGGCCTTGTCCGCCTGGGCTGACCA 
GCAGGGTTACTACGGCTGCAACTTCACTGGTTACCAGGATACCCTCCTCGCTCA 
GACCGGTAACCAGCTCTACATCAACTCCTACATTGAGGGTGCTGTCGACTTCAT 

20 CTTTGGCCAGCACGCTCGTGCTTGGTTCCAGAACGTCGACATCCGTGTCGTTGA 

GGGTCCTACCTCTGCCTCCATCACCGCCAACGGCCGCTCCTCCGAGACTGACAC 
' CTCCTACTACGTGATCAACAAGTCGACCGTTGCTGCTAAGGAGGGCGACGACGT 
TGCGGAAGGGACCTACTACCTTGGCCGCCCCTGGTCCGAGTACGCCCGTGTCGTC 
TTCCAGCAGACCAGCATGACCAACGTCATCAACTCCCTCGGCTGGACTGAGTGG 
25 TCCACCTCCACCCCTAACACCGAGTACGTCACCTTCGGCGAGTACGCAAACCAA 
CCGGCGCCGGCTCCGAGGGCACCCGCGCACG.TCGCCGAGAAGCTGGATGCCAAGC 
TCACCATCACGGATATCCTGGGCTCTGACTACACCAGCTGGGTCGATACCTCCT 
ACTTCTAAGCTGGACGCATGAGTAGTTGTTAAGAATGCGTGAGATGGCTGTCAA 
CCAACAGCAGAGCTGACCGTATGCGGTGCATATACTTTTCTCTTCGTCAAATAATTTCCCT 

30 TTGATAAAGCAATTTAATTGGCATGCACAGTCCATGCTTGACACAAA 
AAAAAAAAAAAAAA 
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qP Q TP No. 2 

The A. aculeatus pectin methylesterase sequence. 



MVKSVLAS ATF4.VS ATAASRTTAPSGAXVVAKSGGDYTTIG 

^MDA^TSTTDTQTIFIEEGTYDEQVYTPAMTG 
TDSYADNTVTITHAISYEDAGESDDTTATFRNKAVGSQVYNTN 

OTYINSYIEGAVDFIFGQHARAWFQNVDIRVVEGPTSASITAN 

2rssetdtsyyvinks^ 

VTOQKMS^TGWTEWfiTSTPNTEYVTFGEYANQPAPAP 

RAPAHVAEKTDAKTTITDITGSDYTSWVDTSYF 
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CLAIMS 



n _*^^-=>co artwitv which 
•l. An enzyme exhibiting pectin mernyles^ase acu- . 



enzyme 

5 



i. i^unologicaUy reactive with an antibody raised against 
. purified pectin -ethylesterase derived fro, Aspergillus 
■ aculeatus, CBS 101.43, and/or 

„ b) is encoded by the =°ding part of the DNA sequence shown in 
SEQ ID NO. 1 or an analogue of said sequence, and/o. 

c, has the a«no acid seguence shown in SEQ 1° No. 2 or a 

v,4,->, i =; at least 80% homologous thereto, 
sequence which is at: 

" r^r:::;"::.;t:7.„:s 

partial sequence 

CATATCAATC GCAAAAATGG TTAAATCAGT 

2o" - taA"Agagtcg = -cx ^at^ actsgctgcc AcccGiAcci 

— " AGTCTGGTGG TGACTATACC 

ATGGCATTGA TGCTCTGAGC ACCAGCACGA CCGACACCCA 
ZZZll a T 1ggaTg-cc T ac GATGAGCAGG TCT ACC T GCC T G CT A T GAC= 
„. GGCAAGGTCA TCATCTACGT CAAACCGAGA ACACCGACTC CTACG 

or a seguence homologous thereto encoding a polypeptide with 
pectin methylesterase activity. 

30 3. An enzyme exhibiting pectin .ethylesterase *^ 
enzyme is encoded by a DNA sequence comprising at least 
the following partial sequences 

(a) TAAAGAGTCG ATCATACACT 
35 (b) CATATCAATC GCAAAAATGG 
(C) TTAAATCAGT CTTGGCTTCC 

(d) GCTCTCTTCG CCGCGTCCGC ■ 

(e) ACTGGCTGCC AGCCGTACCA 

(f) CGGCTCCCTC CGGCGCGATC 
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(g) GTCGTCGCCA AGTCTGGTGG 

(h) TGACTATACC ACTATTGGTG 
( i ) ATGCCATTGA TGCTCTGAGC. 
(j) ACCAGCACCA CCGACACCCA 
(k) AACCATTTTC ATCGAGGAG 
(1) GGTACCTAC GATGAGCAGG 
(m) TCTACCTGCC TGCTATGACC 
(n) GGCAAGGTCA TCATCTACGT 
(o) CAAACCGAGA ACACCGACTC CTACG 

j- « i-« anw nf claims 1-4, which has one or 
4. An enzyme according to any oj. c-a.ms. 

more of the following properties: 

- a P H optimum of A.s" as determined at 30°C using lo< 

esterified pectin as a substrate; 

nf azloc determined at 30°C using 
15 - a temperature optimum of 4: C as ae^-rmi 

75% esterified pectin as a substrate, 
'.- a molecular weight of 43 kD determined by SDS-PAGE. 

An enzyme according to any of claims 1-3, which is der ivable 
20 from a microorganism. 

- » +.„ .1,™ * which is derivable from a 
5. An enzyme according to claim 4, wnicn 

filamentous fungus or a yeast. 

25 6. An enzyme according to claim 5, which is derivable fro. a 
strain of Aspergillus, Trichoderrca, Penicillin*, ^ « 

Humicola- 

,. An enzyme according to claim 5. wherein the ™ j= 
30 derivable fro, a strain of Aspergillus, in particular a strain 
of Aspergillus aculeatus, Aspergillus n.ger or Aspergillus 

oryzae . 

8. An enzyme according to claim 7, which is- encoded by the DNA 
35 sequence isolated fro- a DNA library of Aspergillus acuiea.us, 

CBS 101.43. 

9 a DNA construct comprising a DNA sequence encoding an enzyme 
' exhibiting pectin methyl esterase activity,, which DNA sequence 
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como-ises or is comprised in the DNA sequence shown xn S,Q xD 
No.'l or in any of .the DNA sequences defined in claims 2 and 3 
or is an analogue of such sequence, which 

"5 v) hybridizes with an oligonucleotide probe prepared on the 
basis of the DNA sequence shown in any of the DNA sequences 
defined in claims 2 or 3 , the DNA sequence shown in SEQ ID No. 
1, or the amino acid sequence shown in SEQ ID No. 2, 

xo ii) encodes an enzyme comprising an amino acid sequence being 
at least 80% homologous with the amino acid sequence shown xn 
SEQ ID No- 2 , and/or 

iii) encodes an enzyme which is immunologically cross-reactive 
15 with the polypeptide comprising the amxno acid sequence shown 
in SEQ ID No. 2.- 

10 A recombinant . expression vector comprising the DNA 
construct according to claim 9 or a DNA sequence encoding an 
20 enzyme according ta.an.y-of-claims._l-8. 

. . „^„^nani- POTi-ession vector according 

11. A cell comprxsxng a recombxnanu exp.essiuii 

to claim 10. 

25 i 2 A cell' according to claim 11, which is a eukaryotic cell, 
in particular a fungal cell, such as a yeast cell or a 
filamentous fungal cell. 

13 A cell according to claim 12, wherein the cell belongs to. 
30 a strain of Aspergillus, in particular a strain of Asp.rgr_.l_us 

niger or Aspergillus oryzae. 

14 A method of producing an enzyme exhibiting pectin 
methylesterase activity, the method comprising culturing a cell 

33 according to any of clains 11-13 under conditions permitting 
the production of the enzyme, and recovering the enzyme from 
the culture. 
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15. An enzvme preparation useful for the .edification of plant 
c-11 vail "components, said preparation being enriched in an 
enzyme exhibiting pectin methylesterase activity according to 
any of claims 1-3. 

5 is A preparation according to claim 15, which additionally 
comprises one or more other plant cell wall degrading enzymes 
such as a pectin lyase, pectate lyase, arabinanase, xylanase, 
glucanase , galactanase , mannanase , rhamnogalacturonase , 
xo Lmnogalacturonan acetylesterase , pectin acetylesterase, 
polygalacturonase or pectin methylesterase . 

17 use of a pectin methylesterase according to any of claims 
1-8 for improving the firmness of a pectin-containing material. 

15 is. Use of a pectin methylesterase according to any of claims 
1-8 for demethylation of pectin. 

19 use of a pectin methylesterase according to any of claims 

• ~ -h*o vi^cositv of a oectin-contaming 
-20 1-8 for increasing the viscosity 

material. 

20 The use according to claim 18, in which the pectin- 
containing material is a fruit or vegetable material. 

" 21 The use according to claim 18, in" which the pectin- 
containing material is milk comprising added pectin. 
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